Background
Breast cancer (BC) is a common malignancy that seriously threatens the health of women. In developed regions such as Europe and the United States, BC is the most prevalent cancer in females [1] . In China, the incidence of BC is increasing every year, and the average age of BC patients is gradually becoming younger [2] . Therefore, the diagnosis and treatment of BC are important, and new methods to accurately diagnose BC are urgently needed.
The protein 4.1 family plays a crucial role in the assembly and stability of protein complexes in plasma membranes [3] . It consists of 4 members, of which EPB41L3 (4.1B), EPB41L1 (4.1N), and EPB41 (4.1R) are expressed by sensory neurons in the peripheral nervous system, whereas EPB41L2 (4.1G) is expressed by myelinating Schwann cells [4] [5] [6] . This family of proteins is composed of 3 highly conserved domains: an N-terminal FERM domain, a spectrin-actin-binding domain (SABD), and a C-terminal domain (CTD) [6, 7] , which is responsible for the interconnection of cellular cortical skeleton with transmembrane proteins such as adhesion proteins and growth factor receptors [8] . It also regulates cell polarity, adhesion, movement, proliferation, and survival, and affects tumor cell movement, proliferation, invasion, and metastasis [9] .
In recent years, many reports have confirmed that the expression of the protein 4.1 family in many malignancies is decreased or absent in varying degrees, and its abnormal expression can lead to tumorigenesis and tumor progression [9] [10] [11] . Although the protein 4.1 family has been identified as crucial in solid tumors [7, 12] and many researchers have reported the significance of individual 4.1 family member expression [13, 14] , but the effect of different 4.1 members on tumorigenesis in BC is largely unknown.
In the present work, we compared the expression patterns of the 4.1 family between BC and normal tissues by using large databases to assess their prognostic values in various subtypes of BC.
Material and Methods

ONCOMINE analysis
By analyzing the ONCOMINE database (www.oncomine.org), we determined mRNA levels of 4.1 family members in different types of cancer. The thresholds were restricted as follows: p value: 0.05; fold change: 2; gene rank: 10%.
GOBO analysis
GOBO (http://co.bmc.lu.se/gobo/gsa.pl) is an online tool that allows quick estimation of gene expression levels, identification of co-expressed genes, and association with the results of individual genes, gene sets, or gene signatures in BC data sets. The transcription levels of the protein 4.1 family and its coexpressed genes were analyzed by uploading the corresponding Affymetrix probes to the GOBO database.
KM plotter database analysis
Prognostic values of characteristic 4.1 family members with specific high expression were found in BC samples by using a Kaplan-Meier plotter (http://kmplot.com/analysis/) [15] to show recurrence-free survival (RFS). The desired probe IDs representing the 4 genes were separately entered into the database to obtain the Kaplan-Meier plotter. Number of cases, median values of mRNA expression levels, HRs, 95% Cis, and p-values were extracted from the KM plotter webpage.
Results
Expression of the Protein 4.1 Family in BC
Four members of the 4.1 family have been found in human carcinoma, as well as hematological malignancies and solid tumors ( Figure 1 ). In analysis of various datasets of different cancer types by ONCOMINE, all 14 studies exhibited decreased expression of 4.1G in BC compared with normal tissues. As illustrated in Table 1 , a group of the datasets was investigated, including Curtis, TCGA, Richardson, Ma, Sorlie, and Radvanyi. The Curtis database, with 1556 samples, showed that protein 4.1G was 2.396-fold higher in normal tissues samples as compared to BC (p=1.37e-62) ( Table 1 ). The TCGA database demonstrated protein 4.1G was 2.374-fold higher in normal tissues samples contrast to that in BC (p=8.51e-06). Several other datasets also revealed statistically significant differences in 4.1G high expression between normal tissues and BC. For 4.1B, only 1 dataset showed a statistically significant difference in 4.1B expression in cancer tissues than in normal tissues. According to the Turashvili dataset, 4.1B expression was 5.558-fold higher in BC compared with ductal breast cells and lobular breast cells (p=0.004) ( Table 1) . Moreover, there were 4 studies illustrating a significant difference in 4.1N, of which 1 showed that mRNA expression of 4.1N was higher in BC than in normal tissues, while 3 showed the opposite result (Table 1) . Finally, 2 studies found that 4.1R expression in BC was significantly different from that in normal tissues. The Radvanyi dataset showed that 4.1R expression in invasive lobular breast carcinoma and invasive mixed breast carcinoma was 4.357-fold and 4.015-fold higher, respectively, than in normal tissues (Table 1) .
Expression of 4.1 family in different molecular subtypes of BC
The potential significance of mRNA expression level of the 4.1 family was analyzed in different molecular subtypes of BC. The Farmer dataset [16] revealed that 4.1G expression was 1.370-fold higher in basal-like BC samples as compared to Luminal-like BC (p=1.09e-04) (Figure 2A ). According to GOBO analysis [17] , the 4.1G expression in basal-like BC cell samples was higher than that in luminal-like subtypes of BC. Analysis of tumor tissues demonstrated that 4.1G expression was the highest in basal and the lowest in luminal B subtypes of BC ( Figure 2B, 2C) . A similar result was found in cell lines, in which 4.1G expression in basal A and basal B cells were significantly higher than in luminal-like subtypes of BC ( Figure 2D ). Simultaneously, triple-negative (TN) cancer also expressed higher levels of 4.1G than hormone receptor (HR) and human epidermal growth factor receptor-2 (HER2+) subtypes of BC ( Figure 2D ). In addition, we found that the expression of 4.1G in estrogen receptor (ER)-positive BC was significantly higher than in ER-negative subtype BC ( Figure 2E ). As to BC grading, it appeared that the higher the grade, the lower expression of 4.1G ( Figure 2F ). For 4.1N, there were no significant differences between basallike BC and Luminal-like BC (p=0.578) ( Figure 3A) . In BC tissues, the highest 4.1N expression was seen in luminal B and the lowest expression was found in HER2+ subtypes of BC ( Figure 3B, 3C ). Analysis of cell lines indicated that 4.1N expression in basal B was distinctly lower than that in basal A and luminal subtypes of BC ( Figure 3D ). When compared with ER-negative BC, 4.1N was higher in ER-positive subtype of BC ( Figure 3E ), and it was negatively correlated with the BC classification ( Figure 3F ). No significant difference was found in the mRNA expression of 4.1B between basal-like and luminal-like subtypes of BC (p=0.074) ( Figure 4A ). In BC tissues, the expression of 4.1B was the highest in luminal B and the lowest in basal-like subtypes of BC ( Figure 4B, 4C) . However, the expression of 4.1B had no significant difference in cell lines ( Figure 4D ). 4.1B expression was shown to be upregulated in ER-positive BC, which was reversed in ER-negative subtype of BC ( Figure 4E ). In BC grading, the highest expression of 4.1B was grade 2 ( Figure 4F ). Similarly, we found that the expression of 4.1R was not significantly different between basal-like and luminal-like subtypes of BC (p=0.313) ( Figure 5A ). Moreover, there was no significant difference in 4.1R expression between basal-like and luminal-like subtypes of BC, both in tissue samples and cell lines, and similar outcomes were found in TN, HER2+, and HR subtypes of BC ( Figure 5B-5D ). Likewise, no significant difference was found in ER subtypes and tumor grade ( Figure 5E , 5F). 
4.1R and prognosis
As demonstrated in Figure 12A, Figure 13B-13G) . Furthermore, we found a significant association between RFS and expression of 4.1R in Her-2-negative (HR=0.68, P=0.013) subtype BC patients but not in Her-2-negative BC patients (HR=1.18, P=0.54) ( Figure 13H, 13I) . In summary, 4.1R may has an important prognostic value for BC, especially for ER-positive, ER-negative, and luminal B subtype BC patients, and its high expression indicates a better survival rate. 
Discussion
BC is the leading cause of female death and the most common cancer among women worldwide [18] . Treatment of BC has been transformed from conventional surgery combined with radiotherapy or chemotherapy to comprehensive physical, endocrine, and biological treatments [19, 20] . However, invasion and metastasis are still the primary factors affecting the prognosis of BC patients [21, 22] . Epithelial-to-mesenchymal transition (EMT) may play an important role in the pathogenesis and progression of breast carcinoma [23, 24] . Recently, a new theory from Scimeca et al. showed a correlation between EMT phenomenon and the formation of cells responsible for bone metastasis formation [25, 26] . They demonstrated that breast epithelial cells that acquire mesenchymal characteristics through the EMT phenomenon can assume an osteoblast-like phenotype under "bone morphogenetic proteins" induction [26] . There may be a potential link between 4.1 protein family and bone morphogenetic proteins, which provides a new direction for our future research. Protein 4.1 family not only takes parts in maintaining cell morphology, linking cell surface mucin and cytoskeleton [27] , but also plays a critical regulatory role in the development of cancer [22, 28] . ONCOMINE co-expression analysis showed that mRNA expression level of 4.1 family was generally higher in normal tissues than in BC, and it also gave better OS and RFS in all BC patients. The result is consistent with a pilot study of ependymomas by Rajaram et al., revealing that mRNA expression of 4.1 family members in ependymomas had declined to varying degrees, and predicted a worse prognosis [11] . Although 4.1G expression in basal-like BC was higher than that in luminal-like subtypes of BC according to GOBO analysis, results did not show 4.1G overexpression had better progression in basal-like subtype BC patients. Conversely, high mRNA level of 4.1G was associated with better prognosis in luminal-like subtype BC patients and it also predicted better prognosis in ER-positive BC, which is regarded as a biomarker of luminallike subtype. 4.1G overexpression acquired longer OS and RFS in luminal-like subtypes BC patients after receiving Tamoxifen treatment. Therefore, it was extrapolated that 4.1G may interacted with ER to improve prognosis in luminal-like subtype BC patients and it might be a sensitizer of Tamoxifen. In addition, 4.1G may also contribute to delay the progression of BC in other types, such as LN-negative and TP53-Mutant [29] . Therefore, we assumed that 4.1G may also interact with b1 integrin in BC to accelerate invasion and metastasis of cancer cells. Cui et al. found that CD147/basigin, a tumor-associated glycoprotein that carries b1, 6-N-acetylglucosamine (b1, 6-GlcNAc) glycans, was upregulated during EMT, which was correlated with tumor metastasis in hepatocellular carcinoma patients. By interrupting b1, 6-GlcNAc glycan modification in HCC cell lines affects the interaction of CD147/basigin with integrin b1 [30] . These results suggest that the integrin b1 pathway is one of the most important signaling pathways affecting EMT of tumors, and 4.1G may be one of the upstream signal transcription factors 
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of the b1 integrin pathway, which regulates the invasion and metastasis of BC. Further well-designed and larger studies are necessary to confirm our assumptions.
The present results show that high expression of 4.1B is not associated with better prognosis in all patients nor in 4 molecular subtypes, but it contributes to longer OS in TP53 mutant subtype BC patients. However, high mRNA level of 4.1B was associated with worse RFS in Her-2-positive BC patients receiving adjuvant chemotherapy, but not in HER2+ subtype BC patients. Interestingly, Wong et al. found that loss of 4.1B promoted metastasis in an orthotopic xenotransplant model of prostate cancer, and 4.1B may act as a negative regulator of tumor progression [31] . Another study showed that hypermethylation of 4.1B genes and aberrant 4.1B were detected in primary BC [32] . Hence, it was hypothesized that 4.1B is an antagonist of adjuvant chemotherapy in Her-2-positive BC, and it is a favorable factor in TP53 subtype of BC.
High expression of 4.1N was associated with better RFS in general, and it had worse OS in HER2+ subtype BC patients. Perhaps 4.1N was an unfavorable factor for prognosis in HER2+ subtype. However, many studies have been proved that 4.1N inhibits tumor invasion and metastasis [33] [34] [35] . Zhang et al. also demonstrated that 4.1N inhibits hypoxia-induced EMT of epithelial ovarian cancer cells, at least partly via the regulation of HIF-1a [36] . Thus, it is difficult to draw firm conclusions about the diagnostic value of 4.1N and 4.1 B in BC.
Further studies focusing more on these proteins are needed.
4.1R is a key membrane skeletal protein in erythrocytes, which contain a highly conserved region known as the FERM domain [36, 37] that binds membrane proteins and lipids. It has been reported that 4.1R acts as a linker between the actin cytoskeleton and components of tight junctions and adherens junctions [37, 38] and is involved in cell volume regulation and cell morphology [39] . Herein, we found that 4.1R overexpression provided longer OS and RFS in all BC patients and it also showed better prognosis in ER-positive and ERnegative subtypes BC patients according to subgroup analysis, as was also found in basal and luminal B subtypes BC patients. of CLASP2 to MTs at the cell edge to affect the movement of cells [40] . Therefore, we hypothesized that, due to the low expression of 4.1R in BC cells, the cancer cells lost their polarity and ability to migrate and invade, although the specific cellular mechanism remains unknown.
Conclusions
In the present study we systematically analyzed the mRNA expression levels and prognostic significance of 4.1 family in BC.
4.1G was expressed at higher levels in normal tissues than in BC tissues. Furthermore, 4.1G and 4.1R showed great prognostic significance for BC patients, and might be useful therapeutic targets and distinctive biomarkers in breast cancer.
